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The health impacts of dietary sodium and a low-salt diet

High salt intake is now endemic worldwide. It contributes 
to the generation and maintenance of high blood pressure, 
which is now the biggest risk factor for global disease. There 
is now compelling evidence to support salt reduction in 
hypertensives and a substantial body of evidence to support 
salt reduction in the general population to reduce risk of death 
from cardiovascular disease. In specific diseases such as heart 
failure and chronic kidney disease, guidelines support the 
World Health Organization target for reduced salt intake at 
5 g daily. Achieving a diet that is lower in salt has challenges, 
but is more likely to be achieved through salt reduction 
strategies particularly focused on processed food and through 
educational programs. To be effective, these interventions 
require collaboration between industry, health agencies and 
governments.

Introduction

For several million years, humans ate very little salt – less than 
0.25 g/day. Salt was introduced as a method to preserve food and 
this was transformational for civilised societies.1 Initially the 
advent of refrigeration led to a reduction in salt intake; however 
subsequently the intake of salt has increased and is now estimated 
to be between 9 and 12 g/day in most countries worldwide, 
significantly more than our evolutionary ancestors.1,2 This global 
habituation of salt consumption is of great concern as it is linked 
to high blood pressure and increased risk of cardiovascular 
disease, as well as gastric cancer, renal stone disease and 
osteoporosis.1 

In specific diseases, the evidence to reduce salt intake is 
compelling, at least to levels that are suggested by guidelines, 
if not lower.1,3,4 However adherence to salt restriction is poor, 
even in clinical trials with motivated patients. This is at least 
in part due to the high prevalence of salt in food, in particular 
baked and processed food, making it difficult for patients to 
achieve the reduction that they need to gain clinical benefit.1 
In this review we have focused on the evidence for lowering 
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salt intake for the general population and in groups with 
cardiovascular and renal disease. 

Salt and high blood pressure

High blood pressure is the leading risk factor for global disease 
and has the greatest impact of all risk factors on cardiovascular 
disease, with non-optimal blood pressure accounting for 
two-thirds of stoke and one-half of ischaemic heart disease.5 
Evidence from genetic, epidemiological, migrational and 
interventional studies contribute to the compelling evidence 
that salt intake elevates population blood pressure.1 The 
largest epidemiological study of salt and blood pressure, the 
INTERSALT study, included 10,079 individuals from diverse 
populations and found a strong positive relationship between 
sodium intake and blood pressure that persisted even when 
four populations with very low salt intake were excluded, with 
an increase of 6 g/day in salt intake estimated to elevate systolic 
blood pressure by 9 mmHg over 30 years.6 More recent studies – 
EPIC-Norfolk and INTERMAP – support these findings.7,8 

Lowering salt intake reduces blood pressure. An updated 
systematic review of studies where salt was reduced by 4.4 g/day 
for at least 4 weeks found that systolic blood pressure was 
reduced by 4 mmHg and diastolic blood pressure by 2 mmHg.9 
This study found that the effects on blood pressure 
continued below levels currently suggested by international 
guidelines. This dose-dependent relationship is supported 
by 2 independently conducted double blinded randomised 
controlled studies of different levels of salt intake (12, 6 and 
3 g10 and 8, 6 and 4 g11) where the lowest salt reduction reduced 
blood pressure to the lowest levels.

Salt intake and its relationship to cardiovascular 
disease

High salt intake is likely to contribute to cardiovascular 
risk primarily through its effects on blood pressure, as well 
as through blood pressure independent effects on arterial 
stiffening and albuminuria.1 The actual effect of lowering 
population salt intake on cardiovascular outcomes has been 
more controversial. Available evidence from epidemiological 
studies is largely supportive. Public health strategy in the UK 
has successfully achieved a 15% reduction in salt intake from 
2003 to 2011. This has been achieved through partnership with 
industry reducing salt content.12 Several recent cohort studies 
have found a J-shaped association between urinary sodium 
excretion and a composite of major cardiovascular events 
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and death.13 While this has led to concern about the effect of 
lowering population salt intake, a review of available cohort 
studies found inconsistencies in the relationship between 
sodium intake, with 13 finding a direct relationship, 8 with an 
inverse relationship and 2 with a J-shaped relationship.  All but 
1 had inherent methodological limitations which could change 
the direction of the relationship, including reverse causality 
and systematic error, and from this the true relationship 
remains unclear.14 While there are limited interventional 
studies of salt reduction and cardiovascular disease, a meta-
analysis of available studies found that a modest reduction in 
salt intake lowered cardiovascular events.15 When individuals 
who participated in the Trial of Hypertension Prevention I 
and II were followed up subsequent to the trial completion, 
those randomised to the low salt arm had a 25% reduction 
of cardiovascular events, despite receiving no further dietary 
advice after completing the study.16 It remains appropriate to 
endorse the current guidelines on salt reduction to prevent 
cardiovascular events, with the National Institute for Health 
and Care Excellence endorsing salt reduction as the primary 
public health strategy for the prevention of cardiovascular 
disease.3 

Salt restriction and heart failure

Haemodynamic changes associated with heart failure lead 
to increased neurohumoral activity, with a vicious circle of 
sodium and water retention despite a volume overloaded state. 
While restricting salt intake is established practice in the 
management of heart failure, the evidence remains limited 
to observational studies and small randomised controlled 
trials of salt restriction, often with additional therapeutic 
interventions.17–20 Given the lack of robust evidence, it is not 
surprising that, despite being recommended by all current 
clinical guidelines, there is no consensus on what level of salt 
restriction would be appropriate. However, restricting salt 
intake to 5 g/day, levels recommended by the World Health 
Organization (WHO) for the general population, is a safe, 
practical and modest intervention, likely to be of benefit 
and with no evidence of harm. Individuals on high-dose 

Key points

Salt intake is an important contributor to the development of 

high blood pressure.

Salt reduction lowers blood pressure effectively in hypertension.

Public health strategies to lower salt are key for reduction in 

cardiovascular disease.

High salt intake reduces the effectiveness of key medications, 

including angiotensin-converting-enzyme inhibitors.

The best estimate of salt intake is a 24-h urine collection.
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Box 1. Estimating salt intake and sodium content.

How to convert sodium to salt
>  2 g sodium is equivalent to 5.1 g salt (sodium chloride)

>  100 mmol sodium chloride equals 5.8 g salt

>  1 mmol sodium equals 23 mg sodium 

> 1 g sodium chloride contains 390 mg (17 mmol) of sodium

How to estimate daily consumption of salt 
Use a single 24-h urine collection: 

>  Discard the first voided urine on waking on the day of 

collection.

>  Collect all voided urine up to and including the first void the 

following morning.

>  Record the time at the beginning and the end of the urine 

collection.

>  Suspect inaccurate urine collection in the following circumstances:

�  urine creatinine <4 mmol/day for women or <6 mmol/day 

for men

�  collection volume <500 mL for both sexes

�  extreme outliers for urinary creatinine.

>  24-h sodium excretion = concentration of sodium in urine 

(mmol/L) × urinary volume (L/day)

>  To convert from mmol to g divide by 17

diuretics will require judicious monitoring of fluid balance 
when implementing a low salt diet, and adjustment of diuretic 
therapy may be necessary to ensure that they do not become 
fluid depleted.21 

Salt and the kidney

The kidney is the primary regulator of sodium balance and 
plays a central role in long-term blood pressure regulation. 
Chronic kidney disease (CKD) is common, affecting up to 
13% of adults.22 The vast majority of patients with CKD 
do not progress to end-stage kidney disease, and the major 
risk for individuals with CKD is cardiovascular disease, as 
it is a potent and independent risk factor for cardiovascular 
death.23 Progressive CKD leads to increasing prevalence of 
hypertension, which often requires multiple medical therapies 
to gain adequate control. Individuals are more susceptible 
to the effects of high salt intake due to reduced renal sodium 
excretion. Managing high blood pressure is a cornerstone 
of CKD management, with the aim of reducing both risk of 
CKD progression and cardiovascular disease.4,24 Evidence 
suggests that lowering salt intake will be of benefit in CKD, 
reducing proteinuria and urinary albumin excretion, as well as 
enhancing the antiproteinuric and antihypertensive effects of 
blockers of the renin–angiotensin system.25,26 A recent review 
of interventional studies in CKD concluded that there was 
evidence that salt reduction lowered blood pressure in patients 
with CKD, but acknowledged that there was an overall lack of 
studies in this patient group.27 

Challenges to salt reduction

Dietary behaviour for salt avoidance is influenced by a number 
of factors, including availability, cost and accessibility of lower 
salt options, perceived reduction in palatability of low-salt 
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food, as well as educational limitations such as lack of perceived 
benefit or ability to identify lower salt foods.27 With only 15% 
of salt consumed added at the table and 80% added by the 
food industry, it requires motivation to reduce salt effectively.  
Pressure from an action group formed of specialists (Consensus 
Action on Salt and Health) has been effective at working with 
the government and the food industry to agree voluntary 
reduction in the salt content by levels of 10–15%, levels which 
are not detectable by consumers.1 It is important to reassure 
individuals that as salt intake reduces, taste buds become 
more sensitive to salt within a few months. Once taste buds 
have adjusted, individuals find they prefer food with lower salt 
content.28 Monitoring adherence to a low-salt diet also has 
its challenges with measurement of 24-hour urinary sodium 
excretion; the most accurate way to determine average daily 
salt intake (Box 1). A careful dietary history may be helpful in 
identifying highly salty foods. Useful resources for professionals 
and patients can be found in Box 2.

Conclusions

High salt intake is endemic worldwide and contributes to 
the generation and maintenance of high blood pressure, the 
biggest risk factor for global disease. There is now compelling 

evidence to support salt reduction to lower blood pressure and 
a substantial body of evidence to support salt reduction in the 
general population to reduce risk of death from cardiovascular 
disease. In specific diseases such as heart failure, diabetes 
and CKD, guidelines support the WHO target for reduced 
salt intake at 5 g/day, although the evidence is perhaps only 
now catching up with the guidance. Further evidence from 
population studies would be helpful to reinforce the current 
guidance, but intervention studies at that level are not likely to 
be supported by either industry or government. Collaborations 
with the food industry, health agencies and government will be 
necessary to support salt reduction strategies. ■
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